Nanocrystalline SnO x particles (x ‫؍‬ 0 -2) were synthesized using tetramethyltin (Sn(CH 3 ) 4 ) vapor as the particle precursor reactant in hydrogen/oxygen/argon (H 2 /O 2 /Ar) flames. The particle composition and morphology were characterized using X-ray diffractometry, transmission electron microscopy, and nitrogen (N 2 ) surface adsorption. By controlling the concentration of oxygen in the reactant gases and the flame temperatures, metallic tin (Sn), tin monoxide (romarchite SnO), and/or tin dioxide (cassiterite SnO 2 ) were generated. The crystalline powders consisted of both discrete primary particles and agglomerates, with average primary particle sizes of 23-24 nm for SnO 2 and 69 nm for Sn (based on specific surface area measurements of bulk powders collected in the exhaust region of the flame). The compositional results were interpreted using equilibrium and detailed chemical kinetics models.
I. Introduction

T IN DIOXIDE (SnO
) is an industrially important material which is used in numerous applications where the specific electrical, optical, and mechanical properties of SnO 2 are highly desirable. For example, SnO 2 is used extensively as the active material in gas sensors, [1] [2] [3] [4] [5] [6] [7] as well as in systems where optical or electrical coatings are required, such as in low-emissivity architectural glass, 8 solar cells, 9 -11 liquid crystal displays, 10, 11 photodetectors, 6, 11 and video touch screens, 10 to name a few. Tin monoxide (SnO) also has attractive optical and electrical properties and can be found in gas-sensing applications 12 and as anodes in lithium-ion cells. 13 The performance of tin oxides is directly related to the particle size and compositional characteristics and consequently a strong function of the synthesis process used to generate the materials. 3, 12, 14 For example, SnO 2 sensor performance (e.g., stability, sensitivity, and selectivity, etc.) has been improved considerably by reducing the size of the SnO 2 particles used in the sensors 6,14 -16 and/or by adding dopants (typically noble metals or other metal oxides) to the tin dioxide. 3, 5, 6, 14, [17] [18] [19] Specifically, several researchers have shown that pure SnO 2 gas-sensor performance is enhanced by using nanosized particles where the particle size is less than 10 nm.
14,15 Doped SnO 2 also exhibits improved sensor sensitivity as the crystallite size is decreased; however, at comparably larger crystallite sizes to pure SnO 2 , e.g., ϳ15-50 nm. 15, 16 Similarly, tin monoxide performance in power cell anodes is enhanced considerably by reducing the characteristic particle size. 13 Nanosized metallic tin (Sn) is also a material of considerable interest for use in anodes of lithium-ion batteries. 20, 21 Tin-based compounds have high reversible capacities; however, they can be subject to permanent loss of capacity due to decomposition on initial charging (e.g., SnO 2 decomposition into Sn and Li 2 O 22 ). Tin-based compounds can also experience loss in capacity after high cycling. Pure tin, tin alloys, and other tin intermetallic compounds have been proposed as alternatives to SnO 2 to eliminate issues of decomposition 22 and to improve cycling performance. 20 The performance of the tin particles is directly related to the size of the particles, where smaller, nanosized Sn facilitates rapid insertion of Li into the anode material 21 and reduces dimensional changes and potential failure in the electrodes during cycling. 20, 23 In previous studies, the tin particles were typically on the order of 100 -400 nm 20, 22, 23 in size or larger. 23 Tin oxides can be generated using a variety of synthesis techniques including sol-gel processing, 15, 18, 19 chemical vapor deposition, 24 sputtering methods, 12 flame synthesis, 10,25,26 gasphase condensation 27 and mechanochemical processing. 28 Pure tin nanopowders with particles ϳ100 nm or less in size can be produced by reductive precipitation. 23 Commercial production of SnO 2 powders typically uses a sol-gel technique. Sol-gel processing creates agglomerated particles with irregular particle morphologies and can lead to chlorine contamination of the powders because of the chloride particle precursors used (e.g., SnCl 4 and PtCl 4 , etc.). 4 Here, we introduce a new synthesis method based on combustion of tetramethyltin (TMT, Sn(CH 3 ) 4 ) that can be used to generate crystalline nanoparticles of any of these three important materials: Sn, SnO, or SnO 2 .
Combustion synthesis has several advantages in comparison to other nanosized particle synthesis methods. Combustion synthesis is a method that can be used to assemble sensor materials at the molecular level; thus, a large range of morphologies and compositions can be produced in one step, using one technique. 29 The technique is a continuous process as opposed to a batch process, such as sol-gel methods. The high-temperature environment is self-purifying, leading to materials with very low levels of contamination. High conversion efficiencies (i.e., reactant-to-product conversions of Ͼ90%) are readily achievable, leading to less process waste and lower pollutant emissions. Production rates can be high (Ͼ10 g/h) using laboratory-scale facilities, and combustion synthesis methods are often scalable to commercial production rates. Energy costs associated with combustion synthesis methods are also low due to the exothermic nature of the reactions.
The primary objective of the current study is to demonstrate that a robust range of material compositions and microstructures can be achieved using a single synthesis method. The approach uses the distinctive properties of a multielement diffusion burner to control the combustion characteristics known to be the most important in affecting particle properties-namely, the reactant concentrations and the combined temperature field and particle residence time. 29 -31 In the following sections, the synthesis methodology is described and the results of the materials characterization studies are presented. In Discussion, the results are interpreted using combustion modeling.
II. Experimental Procedure
The materials were generated using a multielement diffusion flame burner (MEDB), shown schematically in Figs. 1 and 2 . Details of the burner are described in Wooldridge et al., 32 and details of the TMT delivery system are provided in Hall et al. 33 Briefly, the 2.54-cm ϫ 2.54-cm square burner consists of a hastalloy honeycomb support through which 173 stainless steel hypodermic needles (0.51-mm i.d.) are inserted at systematic intervals (see Fig. 2 ). Fuel flows through the hypodermic needles, and oxidizer flows through the remainder of the channels of the honeycomb (channel i.d., 0.81 mm). A single independent fuel tube, the secondary fuel tube (0.51-mm i.d.), is located at the center of the burner. To minimize entrainment of room air, the active area of the burner is surrounded by a shroud coflow of nitrogen (0.635 cm wide). A square optical chimney (3.8 cm ϫ 3.8 cm ϫ 34 cm) can also be used to extend the region of controlled reactant conditions above the burner. Particle precursor reactants can either be introduced with the fuel for the primary flame, or the precursor reactants can be injected into the center of the burner via the secondary fuel tube (see Figs. 1 and 2 ). In the current study, the particles were generated exclusively using the secondary fuel tube.
As indicated in Fig. 1 , two flame systems are used with this synthesis method: the primary flame and the secondary flame. The fuel and oxidizer flows to the primary flame region (see Fig. 2 ) are independent, and no mixing of the reactants occurs within the body of the burner. Instead, mixing of the primary flame reactants occurs rapidly near the surface of the burner, and a nominally Fig. 1 . Experimental schematic and photograph insert of the combustion synthesis facility used to generate the SnO x particles. Note the H 2 /O 2 /Ar primary flame does not emit visible radiation for the conditions studied, and the primary flame is therefore not apparent in the photograph insert.
uniform one-dimensional flame sheet, the primary flame, is formed (except in the immediate vicinity of the secondary fuel tube). When the particle precursor reactants are directed through the secondary fuel tube, a lifted diffusion flame, the secondary flame, is created. The primary flame has characteristics of a premixed flame for heights above the mixing region (Ͼ3-5 mm). The secondary flame is a lifted, a laminar diffusion flame (with a lift-off distance of 5 mm from the surface of the burner), where the oxidizing species are provided from the primary flame system. No particles are produced from the primary flame. All particles are produced as products of the secondary flame. The temperature profiles of the primary flame have been measured and are well-characterized by 1D "top-hat" profiles. 32 The temperature, velocity, and composition gradients of the secondary flame have not been measured due to difficulties associated with the adverse combustion conditions (high temperatures, high velocities, catalytic reaction, and particle accumulation effects) and due to difficulties with interrogating the small dimensions involved (the luminous region of the secondary flame is typically less than 6 mm in diameter).
In the current work, hydrogen (H 2 , Cryogenic Gases, 99.99%) and oxygen (O 2 , Cryogenic Gases, 99.995%) diluted in argon (Ar, Cryogenic Gases, 99.998%) were used to generate the primary flame. Nitrogen (N 2 , Cryogenic Gases, 99.998%) was used as the shroud gas. TMT vapor diluted in argon was used as the particle precursor reactant. TMT (Alfa Aesar, 98%) vapor/Ar mixtures were generated by bubbling argon through a reservoir of liquid TMT maintained at room temperature. Vapor pressure measurements were made to confirm the argon was saturated in TMT vapor. The results indicated saturated mixtures of 21%-23% TMT dilute in Ar (mole basis) were delivered to the secondary fuel tube for all conditions studied, regardless of the argon flow rate. All reactant flow rates were monitored using calibrated rotameters or calibrated flow meters. The burner was operated at atmospheric pressure conditions (P Х 101 kPa) for all experiments.
Microscopic and bulk properties of the particles were analyzed using X-ray diffraction (XRD, Rigaku rotating anode X-ray diffractometer), transmission electron microscopy (TEM, JEOL 4000EX), and surface adsorption (BET, N 2 adsorption, Micromeritics ASAP 2010 accelerated surface area and porosimetry system). Bulk samples were obtained by deposition of the particles onto sampling coupons mounted on a cold plate placed in the exhaust region of the burner. Sampling locations for the cold plate were all greater than 20 cm above the surface of the burner and typically were obtained for sample heights of H s ϭ 34 cm. Sampling times to obtain sufficient material for bulk analysis by XRD or BET analysis were typically 5-10 min. Samples for TEM analysis were obtained by rapidly inserting a probe into the secondary flame and depositing particles directly onto the TEM grids (carbon film on copper grids, Electron Microscopy Science, CF300-C450). The TEM sampling times were all less than 1 s. Additional details of the TEM sampling system are provided in Wooldridge et al. Table I is a summary of the experimental conditions examined and the results obtained for powder composition and material production rates. The effects of three important synthesis parameters were considered: (1) the local level of oxygen-containing species available for reaction with the Sn(CH 3 ) 4 , (2) the temperature of the primary flame, and (3) the particle residence time at high temperatures. The oxygen species concentrations were controlled by changing the equivalence ratio (, the quotient of the actual fuel-to-oxygen ratio of the reactants divided by the stoichiometric fuel-to-oxygen ratio) of the primary flame. The TMT of the secondary flame was not considered in the determination of the equivalence ratio of the primary flame. The temperature of the primary flame was examined by changing the dilution level of the primary flame reactants with argon, while maintaining a constant equivalence ratio. Particle residence time/temperature effects were examined by sampling materials at various distances from the burner surface, by extending the regions of high temperatures via The equivalence ratios and the adiabatic flame temperatures are based on the reactants of the primary flame and do not include fuel or argon concentrations from the secondary flame.
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III. Results
(1) Composition
Table I. Experimental Conditions and Results
‡ H s ϭ sample height. § W ϭ white; G ϭ gray; Y ϭ yellow/brown. ¶ Conditions used to obtain TEM samples from the secondary flame. The sampling heights were variable; however, H s was less than 6 cm for all TEM samples. the chimney, and by changing the flow rates of the TMT/Ar and H 2 /O 2 /Ar gases.
Powder composition was determined by comparison of the XRD patterns of the powder samples with accepted standards for SnO 2 , SnO, and Sn. Figure 3 shows representative XRD patterns obtained in the current study for each material. The SnO 2 peaks all indexed to the tetragonal crystallographic phase of ␣-SnO 2 or the cassiterite form of tin dioxide. The SnO peaks indexed to the romarchite form of tin monoxide, and the Sn peaks indexed to metallic tin. Throughout the study, all XRD analyses of white powder samples indexed to SnO 2 , yellow/brown powder samples indexed to SnO, and gray powder samples indexed to Sn. Therefore, the sample color (listed Table I ) was considered a good indication of the material composition.
As indicated by the results shown in Table I , the most important parameters in determining the composition of the product powders were the equivalence ratio and temperature of the primary flame. For near-stoichiometric or fuel-lean operation ( Յ 1.0) at moderate temperatures (temperature effects on composition are presented below), SnO 2 was formed. For fuel-rich conditions ( Ͼ 1.0), both SnO and Sn were formed. Figure 4 is a schematic representing the results of the macroscopic composition of the powders as a function of equivalence ratio. (Note that the figure is not meant to depict the composition of individual nanoparticles.) Fig. 4 also shows the variation in composition of the bulk materials as a function of location on the sample coupon. Approximate dimensions are provided for reference on the figure. Due to the geometry of the secondary flame (i.e., the radial symmetry), the powder depositions were nonuniform in composition for the fuel-rich conditions, with lower levels of tin oxidation found near the center of the samples. Because it was difficult to isolate the Sn from the SnO samples and vice versa (due to the lack of a distinct transition from Sn to SnO on the sample coupons (see Fig. 4 ) and due to aerosolization of the powders on removal from the sample coupon), some Sn and SnO XRD patterns indicated small peaks attributable to the alternative material. No compositional variation was observed with the Յ 1.0 samples obtained at moderate temperatures, and no Sn or SnO peaks were identified in the SnO 2 XRD patterns.
To further examine temperature/residence time effects independent of equivalence ratio effects, experiments were performed where of the primary flame was kept constant and the argon dilution of the primary flame was altered. Reducing the argon dilution of the primary flame increases the temperature of the primary flame, while potentially simultaneously decreasing the residence time of the SnO 2 particles formed in the secondary flame (due to mixing of the primary and secondary flame gases near the surface of the burner). Increasing the temperature of the primary flame leads to added decomposition of the products of the primary flame.
Based on previous characterization studies of the MEDB including in situ temperature measurements using laser absorption spectroscopy and thermocouple measurements, 32, 34 the maximum temperature of the primary flame, T ad , can be estimated using adiabatic equilibrium calculations and the known equivalence ratio and level of argon dilution of the primary flame (for calculation details, please see Donovan et al. 34 ). The calculated values for T ad are provided in Table I as an indication of the magnitude of the changes in the primary flame temperatures examined in the study. For reference, a 37% change in the argon flow rate to the primary flame leads to a 27% change in the predicted adiabatic flame temperature.
Similar to the equivalence ratio, the temperature of the primary flame was found to be a significant factor affecting the material composition. Higher temperatures (lower argon concentrations) led to formation of Sn and SnO at ϭ 0.99, a condition where previously at lower primary flame temperatures only SnO 2 was produced. The change in the powder composition as the temperature of the primary flame is increased is consistent with model predictions, which are discussed below.
Changing the TMT/Ar flow rate, varying the sampling location, and/or using the chimney to affect particle residence times at high temperatures, for all cases where Յ 1.0 and the dilution of the primary flame was moderate (i.e., primary flame temperatures were moderate), had no effect on the material composition. SnO 2 was produced in all cases (see Table I ). For conditions where Ͼ 1.0 or conditions with low dilution of the primary flame reactants (i.e., primary flame temperatures were high), if the Sn or SnO samples were not obtained before significant mixing with room air occurred, the Sn and SnO would further oxidize rapidly to form SnO 2 . For example, comparing cases 14 and 15 listed in Table I (which consider approximately the same equivalence ratio, Х 1.2-1.3, and TMT/Ar flow rate, both without the use of the chimney) showed that sampling 9 cm higher in the exhaust region provided the particles with sufficient time at high temperatures to lead to complete oxidation of the tin. Collectively, the study of particle residence time effects indicated oxidation of the tin species occurred rapidly provided sufficient oxygen was available locally for reaction.
(2) Microstructure
The effects of burner operating conditions on particle size and morphology characteristics were also investigated. For all conditions examined in the study, the powders consisted of both discrete nanosized primary particles and particle aggregates. Figures 5 and  6 are low-and high-magnification micrograph images, respectively, of the typical particle structures observed. The crystalline nature of the particles is clearly evident (see Fig. 6 ), and the different lattice fringe orientations indicate sintering was relatively slow between particles.
Particle size distributions were obtained for selected TEM samples. Results for a typical fractional population for synthesis of SnO 2 nanoparticles are shown in Fig. 7 . The particle size statistics were obtained using the methods described in Wooldridge et al.; 32 however, a larger number of particles were counted in the current work (N Ͼ 800), to ensure more accurate particle statistics (geometric mean particle diameters, d p , were changing by less than 3% with the incorporation of additional particle count data). In general, the geometric mean particle diameters of primary particles sampled from the secondary flame were less than 12 nm, and particle aggregates were less than 100 nm in size (maximum chord length). The particle size distributions were relatively well represented by lognormal population distributions (R 2 ϭ 0.9998; see Fig. 7 ), and there was little variation in the particle size statistics as a function of height above the burner for the sample locations examined via TEM imaging (H s ϭ 32, 52 mm).
Specific surface area (SSA) measurements of bulk samples obtained in the exhaust region of the burner were used to estimate the average particle size of the final product materials. Values for SSA for ϭ 0.75, ϭ 1.00 (TMT/Ar ϭ 80.7 mL min Ϫ1 ), and ϭ 1.19 were 37.6, 36.2, and 15.0 m 2 /g, respectively. Although the particles are not spherical (as seen in Fig. 6 ), to a first approximation, the average particle diameter via SSA can be determined using
Based on the compositional analysis described above, for Յ 35 ). The Sn particles will sinter more rapidly both in the secondary flame and on the collection plate, leading to more coarse particles. 
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The particle sizes determined using BET are larger than those determined using TEM imaging; which is consistent with the respective sampling conditions. The BET and TEM particle sizes were obtained at dramatically different particle sampling times and sampling locations. The BET samples, which yielded larger particle sizes of d p,SSA ϭ 23-24 nm for SnO 2 , were obtained from the exhaust region of the burner (i.e., longer residence times) using comparatively long sampling times (minutes). The TEM samples, which yielded smaller particle sizes of d p,TEM ϭ 10 -12 nm for SnO 2 , were obtained directly from the secondary flame using very short sampling times (Ͻ1 s).
Although particle sizes determined by SSA are inherently larger than those determined by TEM imaging when necking and bridging occurs between primary particles, 36 a comparison of the TEM and BET results for SnO 2 indicates that either significant particle growth is occurring in the secondary diffusion flame or significant particle restructuring is occurring on the sampling coupon on the cold plate. Therefore, the BET results for particle size represent an upper limit to the dimensions of the particles produced using the operating conditions presented in Table I , and the TEM results represent an approximate lower limit (assuming the particles could be rapidly quenched without the occurrence of significant particle restructuring).
(3) Mass Production
Mass production rates were measured for several samples to provide an indication of the potential manufacturing rates achievable (see Table I ). The corresponding maximum predicted production rates based on the known TMT/Ar flow rates and saturation levels (assuming 100% conversion efficiency) were also determined (see Table I ). All the experimental values were significantly below the predicted values. However, the differences were not likely due to low reactant-to-product conversion efficiencies, as much as due to the low collection efficiency of the bulk sampling method used. Material could bypass the cold plate and/or deposit on the cold plate outside the sample coupon region. Although the particle production rates were low compared with commercial powder production methods, the MEDB synthesis technique was not optimized for maximum production rates. In addition, the synthesis approach can be scaled to increase production rates by increasing the x-y dimension of the burner and incorporating additional secondary fuel tubes into the honeycomb matrix of the primary flame. Although the optimal spacing of the additional secondary fuel tubes would require additional study (to identify potential interactions between the particle-producing flames), preliminary results indicate a spacing of 1.25 cm between secondary fuel tubes would be sufficient.
IV. Discussion
The results for composition and particle morphology are interpreted using chemical kinetic and equilibrium models of the synthesis environment. Previously, we had obtained good agreement between one-dimensional premixed modeling of the primary flame (not including the effects of the secondary flame) and measured radical profiles by incorporating detailed chemical kinetics in the model simulations. 34 While the 1D premixed model does not accurately describe the mixing conditions in the first few millimeters above the burner surface, the results can be used to infer trends about the conditions of the primary flame system above (i.e., downstream of) the initial mixing region. Figure 8 shows the model results for the minor and major species of the primary flame for a typical stoichiometric condition. The temperature profile used in the model is a polynomial fit to a measured temperature profile of the primary flame system when the secondary fuel tube was not used for particle synthesis. Additional details of the model, including the chemical reaction mechanism used, are provided in Donovan et al. 34 Again, the chemical kinetics model does not include the effects of the secondary flame, including any chemistry associated with the TMT. As seen in Fig. 8 , O 2 is rapidly consumed within 0.5 cm of the surface of the burner by the H 2 in the primary flame.
When both the primary and the secondary flame systems are in use, the secondary flame forms a lifted diffusion flame where the base of the luminous visible portion of the secondary flame is located 5 mm above the surface of the burner. For reference, a schematic of the secondary flame is superimposed on the results in Fig. 8 . On exiting the secondary fuel tube, the TMT/Ar gases mix with the O 2 from the surrounding oxidizer channels. However, at typical operating conditions, including ϭ 1.0, there is insufficient O 2 in the immediate vicinity of the secondary fuel tube (i.e., the surrounding six oxidizer channels) to completely oxidize the Sn(CH 3 ) 4 to complete products of combustion, i.e., SnO 2 , CO 2 , and H 2 O. Therefore, a potentially significant portion of the TMT and/or Sn and SnO particles (produced in the secondary flame) are likely oxidized by reaction with H 2 O-the most abundant oxygen-containing species present in the coannular region surrounding the secondary flame.
Equilibrium calculations which include tetramethyltin and tin species provide additional insight into the chemistry of the TMT/H 2 /O 2 /Ar system and aid in interpretation of the observed temperature and equivalence ratio dependence to the SnO x compositions. Figures 9 and 10 present the moles of product tin species as a function of the equivalence ratio for T ad ϭ 1000 and 2000 K, respectively. Here, the equivalence ratio is determined using both H 2 and TMT as fuels according to the global reaction 37 The thermochemical data for TMT are from Allendorf. 38 Figure 9 shows that SnO 2 (l) is the preferred form of tin for low equivalence ratios, whereas at fuel-rich conditions, Sn(l) is preferred. There is a small window in where SnO(l) is present, but never in quantities above 30% (mole basis) of the initial 1 mol of TMT. However, as the temperature is increased, Fig. 10 shows that SnO(g) is the preferred form of tin for a large range of equivalence ratios. Although the calculations are not directly representative of the synthesis system studied, the trends are in excellent qualitative agreement with the observed dependences on T and . At higher temperatures and higher fuel concentrations, the O atoms are consumed preferentially by carbon, yielding Sn and SnO products. Conversely, at lower temperatures and fuel-lean conditions, 100% of the TMT is converted to SnO 2 .
We are not aware of any previous flame synthesis studies of Sn or SnO; however, the results of the current investigation can be compared on a qualitative basis with other combustion synthesis methods used to produce SnO 2 nanoparticles. It is difficult to compare results on a quantitative basis, due to the limited data available on particle residence time and temperature. Lindackers et al. examined SnO 2 synthesis using low-pressure (37.5 mbar), premixed TMT/H 2 /O 2 /Ar flat flames. 10 The final product powders indexed to the cassiterite phase of SnO 2 ; however, an intermediate metastable phase (a mixture of the high-temperature ␤-SnO 2 phase and the ␣-SnO phase) was also identified in the study. The authors found the powders consisted of primary particles and agglomerates with specific surface areas ranging from ϳ70 to 160 m 2 /g (corresponding to average particle sizes ranging from ϳ5.5 to 13 nm). Higher TMT loadings led to larger particle sizes, and the highest TMT loading presented in the work was 1348 ppm. The SnO 2 particles produced using the MEDB were larger than those made by Lindackers et al., which is consistent with the atmospheric pressures and the higher TMT loadings (21%-23% mole basis TMT, balance Ar) used in the current work. Pratsinis and co-workers studied SnO 2 synthesis using atmospheric pressure coflow diffusion flames 25 and premixed burnerstabilized and premixed burner-nonstabilized flames. 39 For all systems, the SnO 2 particles indexed to cassiterite and were larger than those produced in the current work, with particle sizes determined from specific surface areas ranging from ϳ52 to 164 nm for the diffusion flames and from ϳ36 to 65 nm for the premixed flames.
V. Summary and Conclusions
A multielement diffusion burner was successfully used to produce nanocrystalline Sn, SnO, and SnO 2 particles. This is the first demonstration of combustion synthesis of pure metal Sn nanoparticles of which we are aware. The most significant factors controlling particle composition were the concentration of oxygencontaining species locally available for oxidation (primarily O 2 and H 2 O) and the temperature of the combustion system. The equilibrium modeling results indicate that the primary flame temperature and equivalence ratio may be used to optimize the synthesis strategy for isolated production of Sn, SnO, or SnO 2 with high reactant-to-product conversion efficiencies (e.g., 1 mol of TMT producing ϳ1 mol of Sn and little to no SnO or SnO 2 ). The average particle dimensions (based on specific surface area measurements) were 23-24 nm for the SnO 2 powders produced and 69 nm for the Sn powders produced. The larger Sn particle size is consistent with the more rapid sintering rates of Sn. Note that the Sn particle sizes produced here are substantially smaller than Sn particles made using alternative nanoparticle synthesis methods.
